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@ Driving apparatus and method for an active matrix type liquid crystal display apparatus. 



(57) A driving method is suitable for an active 
matrix type liquid crystal display apparatus hav- 
ing row and column electrodes. The driving 
method includes the steps of applying a gate-on 
pulse for writing data for one line to the column 
electrodes to each of the row electrodes. The 
gate-on pulse has a pulse waveform which [ :> 
eludes at least one concave portion dvnn-- 
horizontal period. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a driving appara- 5 
tus and method for an active matrix type liquid crystal 
display (LCD) apparatus having row and column elec- 
trodes in a lattice arrangement, picture element elec- 
trodes for display located in regions defined by the 
row and column electrodes in a matrix arrangement, 10 
and switching transistors connected to the picture ele- 
ment electrodes and the row and column electrodes. 

2. Description of the Prior Art: 

15 

Figure 3 shows an exemplary active matrix type 
LCD apparatus of 4 x 4 matrix. Row electrodes (gate 
electrode wirings) 1-4 and column electrodes (source 
electrode wirings) 5 are arranged in a lattice in the 
row and column directions. In regions defined by the 20 
row and column electrodes, picture element electro- 
des 20 are arranged in a matrix. At each of the cross- 
ings of the row and column electrodes, a switching 
transistor 10 is provided. For the switching transistor 
10, for example, a thin film transistor (TFT) is used. 25 
Gate terminals 11 of the switching transistors 10 are 
respectively connected to the row electrodes 1-4. 
Source terminals 12 of the switching transistors 10 
are connected to the column electrodes 5, and drain 
terminals 13 thereof are . connected to the corre- 30 
sponding picture element electrodes 20. 

The column electrodes 5 are connected to a col- 
umn electrode driving circuit 40. The column elec- 
trode driving circuit 40 periodically and sequentially 
applies data for one line to the column electrodes 5. 35 
When the switching transistors 10 are turned ON by 
a pulse applied from a row electrode driving circuit 30 
to the row electrodes 1-4, a signal VS applied to each 
of the column electrodes 5 is applied to each of the 
picture element electrodes 20. By sequential a ;*n- 40 

ninga pulse applied from the row electro^ ;jt;s- 

cuit 30 to the row electrodes i-4, and by varying col- 
umn electrode data in synchronous with the timing, 
an image is displayed on the active matrix type LCD 
apparatus. 45 

Figure 4 schematically shows a configuration of 
the row electrode driving circuit 30. The row electrode 
driving circuit 30 includes a shift register 31, and four 
AND gates 32 respectively connected to output termi- 
nals Q1, Q2, Q3. and Q4 of the shift register 31. The 50 
shift register 31 inputs data SP at a data terminal (a 
terminal D) and a clock pulse CL at a clock terminal 
(a terminal CK), and shifts the data SP in accordance 
with the clock pulse CL. As a result, the shift register 
31 outputs the shifted data SP to the AND gates 32 55 
at the respective output terminals Q1, Q2, Q3, and 
Q4. The clock pulse CL and a LOW signal are also in- 
put into the AND gates 32. The AND gates 32 AND 



these input signals, and output gate-on pulses VG1- 
VG4 onto the row electrodes 1-4, respectively. 

Figure 5 shows waveforms of signals. Herein- 
after, a waveform indicated by (N) in a figure is refer- 
red to as an Nth waveform. For example, in Figure 5, 
the first to fourth waveforms shows those of the gate- 
on pulses VG1-VG4, the fifth waveform shows that 
of the clock pulse CL, the sixth waveform shows that 
of the data SP, and the seventh waveform showsthat 
of the LOW signal. 

Conventionally, each of the gate-on pulses VG1- 
VG4 applied to the row electrodes 1-4 is a one-shot 
pulse, as shown by the first to fourth waveforms in 
Figure 5. The gate-on pulses have a waveform includ- 
ing an HI (high level) period and a LOW (low level) 
period. During the HI period, the corresponding 
switching transistor 10 is in an ON state, and during 
the LOW period, the corresponding switching transis- 
tor 10 is in an OFF state. As a result, only during the 
HI period of each of the gate-on pulses VG1-VG4, the 
signal VS shown by the eighth waveform in Figure 5 
is applied to the picture element electrodes 20 con- 
nected to the respective row electrodes 1-4 through 
the corresponding switching transistors 10. Accord- 
ingly, electrical charges are charged in a liquid crystal 
layer as a display medium of picture elements. The 
electrical charges are held in the liquid crystal layer 
during the LOW period of the gate-on pulses VG1- 
VG4, and each of the picture elements exhibits a 
transmissivity depending on the voltage applied to 
the picture element. 

According to the conventional driving method 
shown in Figure 5, in order to prevent the liquid crys- 
tals to deteriorate due to a DC voltage applied to an 
LCD apparatus, the polarity of the applied voltage is 
inverted for every line (for each of the row electrodes 
1-4). In other words, a 1 H inversion (the polarity is in- 
verted every one horizontal period) system is adopt- 
ed. The 1H period (one horizontal period) coincides 
with a period of a National Television System Commit- 
tee (NTSC) television signal (1H - 63.5 jis). 

When the gate-on pulse VG1 of the first wave- 
form in Fign:? 5 is applied to the row electrode 1 in 
Figure 3, and the si^- of the eighth waveform 
in Figure 5 is applied to the column electrode 5 in Fig- 
ure 3, according to the driving mel!ir> H motioned 
above, the potential of a picture element elects ode 20 
at the crossing of the row and column electrodes 1 
and 5 varies. If the gate-on period is sufficiently long, 
the liquid crystal layer is sufficiently charged. The po- 
tential variation VLC of the picture element 20 at the 
crossing is saturated, as shown by the ninth wave- 
form in Figure 5. 

In order to increase the scanning speed for im- 
proving the functionality of the LCD apparatus, it is 
necessary to shorten the gate-on period. On the con- 
trary, if the gate-on period is shortened, the liquid 
crystal layer is insufficiently charged. This results in 
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an insufficient voltage application to the liquid crystal 
layer, and causes problems in displaying an image as 
follows. 

For example, we consider the case of a transmis- 
sion type LCD apparatus of a normally white system 
(during no voltage application : white (light is transmit- 
ted), during voltage application : black (light is shield- 
ed)). As the scanning speed is increased, the gate-on 
time period is not sufficient. This causes a shortage 
of charge phenomenon in which sufficient voltage is 
not applied to the liquid crystal layer. As a result, there 
arises problems in that the resulting display is whitish 
and a sufficient display contrast cannot be obtained, 
as compared with the case where the charge is suf- 
ficiently performed by applying a voltage of the same 
level to a column electrode. 

The above-mentioned problems are specifically 
shown by a ninth waveform in Figure 6. Figure 6 
shows signal waveforms in a driving method which 
improves the scanning speed. In this driving method, 
one horizontal scanning period is set to be one- half of 
the period of the NTSC television signal. The gate-on 
pulses VG1 -VG4 respectively shown by first to fourt h 
waveforms in Figure 6 are applied to the row electro- 
des 1-4. The gate-on pulses VG1-VG4 are produced 
by inputting a clock pulse CL of a fifth waveform, data 
SP of a sixth waveform, and a LOW signal of a sev- 
enth waveform in Figure 6 into the respective input 
terminals of the row electrode driving circuit 30. The 
signal VS shown by an eighth waveform in Figure 6 
indicates a signal to be applied to the column electro- 
des 5 shown in Figure 3. 

A ninth waveform VLC in Figure 6 represents the 
variation in potential applied to a picture element elec- 
trode 20 at the crossing of the row electrode 1 and the 
column electrode 5, when the signal VS shown by the 
eighth waveform in Figure 6 is applied to the column 
electrode 5. Since the gate-on period of the gate-on 
pulse of the first waveform is shorter than that of the 
first waveform shown in Figure 5, the charge to the 
liquid crystal layer is not sufficient. As a result, the po- 
tential of VLC cannot reach a sufficient level. The po- 
tential of VLC should reach the level indicated by a 
broken line of the ninth waveform in Figure 6. How- 
ever, in actuality the potential of VLC only reaches the 
level indicated by the solid line thereof. 

For the reasons mentioned above, there arises a 
problem that a display contrast sufficient for the dis- 
play quality of the LCD apparatus cannot be obtained 
according to the driving method shown in Figure 6. 

SUMMARY OF THE INVENTION 

The driving apparatus and method of this inven- 
tion for an active matrix type liquid crystal display ap- 
paratus having row and column electrodes includes 
the step of applying a gate-on pulse for writing data 
for one line to the column electrodes to each of the 



row electrodes. The gate-on pulse has a pulse wave- 
form which includes at least one concave portion dur- 
ing a horizontal period. 

Alternatively, the driving apparatus and method 

5 of this invention for an active matrix type liquid crystal 
display apparatus having row and column electrodes 
includes the step of applying a gate-on pulse for writ- 
ing data for one line to the column electrodes to each 
of the row electrodes. The gate-on pulse varies be- 

10 tween a first level and a second level at least two 
times during a horizontal period. 

In a preferred embodiment, the horizontal period 
may include three periods, a first period, a second 
period and a third period in this order. The gate-on 

15 pulse is at the first level during the first period, at the 
second level during the second period and at the first 
level during the third period. 

According to the above-mentioned driving appa- 
ratus and method of the invention, the charging effi- 

20 ciency to the liquid crystal layer per unit time period 
is improved accorded to the invention. Accordingly, 
the driving apparatus and method of the invention is 
suitable for an LCD apparatus in which the gate-on 
period is shortened and the scanning ability would be 

25 improved, because the liquid crystal layer is always 
sufficiently charged, and the display contrast can be 
improved. 

Thus, the invention described herein makes pos- 
sible the advantage of providing a driving apparatus 

30 method for an active matrix type LCD apparatus in 
which the charging efficiency to a liquid crystal layer 
per unit period time is improved, and hence the scan- 
ning ability and the display quality can be improved. 
These and other advantages of the present in- 

35 vent ion will become apparent to those skilled in the 
art upon reading and understanding the following de- 
tailed description with reference to the accompanying 
figures. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows signal waveforms illustrating a 

driving method for an active matrix type LCD ap- 
paratus of the invention; 
45 Figure 2 is a graph comparatively showing a 

transmissivity curve of aliquid crystal panel in the 

method of the invention and a transmissivity 

curve in a prior art method; 

Figure 3 shows a schematic configuration of the 
so active matrix type LCD apparatus; 

Figure 4 shows a schematic configuration of a 

row electrode driving circuit; 

Figure 5 shows signal waveforms showing the 

prior art driving method; 
55 Figure 6 shows signal waveforms showing a prior 

art driving method in which a gate-on period is 

shortened. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 shows a driving method for an active ma- 
trix type LCD apparatus of the invention. The config- 
uration of the active matrix type LCD apparatus to 
which the method of the invention is applied is the 
same as that of the active matrix type LCD apparatus 
shown in Figure 3. A row electrode driving circuit has 
the same configuration as that of the row electrode 
driving circuit shown in Figure 4. The detailed descrip- 
tion of the configuration is omitted and like compo- 
nents have like reference numerals. 

In Figure 1. first to fourth waveforms represent 
gate-on pulses VG1-VG4 respectively output from 
the row electrode driving circuit 30 onto the row elec- 
trodes 1-4. In these gate-on pulses VG1-VG4, one 
horizontal scanning period (1H) coincides with one- 
half of the period of the NTSC television signal (1H = 
about 31.8 us). That is, the length of one horizontal 
scanning period is the same as that used in the prior 
art method of Figure 6. 

These gate-on pulses VG1-VG4 are produced by 
inputting a clock pulse CL of a fifth waveform, data 
SP of a sixth waveform, and a LOW signal of a sev- 
enth waveform into the respective input terminals of 
the row electrode driving circuit 30, as in the prior art 
method. The gate-on period of each of the gate-on 
pulses VG1-VG4 is 24 \is which is the same as in the 
prior art method. However, each of the gate-on puls- 
es VG1-VG4 has a pulse waveform including a con- 
cave portion during the gate-on period. Specifically, 
each of the pulses are set to be a LOW level during 
one-third of the gate-on period (i.e., the intermediate 
8 \is period), as shown in Figure 1. Accordingly, each 
of the gate-on pulses VG1-VG4 has a pulse wave- 
form including two HI periods and one LOW period (8 
ps) therebetween. The length of one of the HI periods 
is obtained by subtracting the intermediate period 
from the gate-on period, and by dividing the subtract- 
ed result into two equal periods, i.e., (24 - 8) / 2 = 8 
us. 

The gate-on pulses VG1-VG4 having such pulse 
waveforms may be produced by superimposing the 
LOW signal of the seventh waveform on the gate-on 
pulses VG1-VG4 produced by the use of the prior art 
method. As shown by the seventh waveform, the po- 
larity of the LOW signal is inverted in the intermediate 
period of the gate-on period. 

As shown by an eighth waveform in Figure 1, the 
waveform of a signal VS to be applied to each of the 
column electrodes 5 shown in Figure 3 is the same as 
that of the prior art method shown in Figure 6. 

When the signal VS of the same level is applied 
to the same column electrode 5 both in the method 
of the invention and in the prior art method of Figure 
6, the charging efficiency to a liquid crystal layer in 
the method of the invention can be improved as com- 



pared with the prior art method for the following rea- 
sons with reference to the graph shown in Figure 2. 
In Figure 2, the vertical axis represents a transmissiv- 
ity of a liquid crystal panel (%) and the horizontal axis 

5 represents an amplitude V of the signal VS applied to 
a column electrode (arbitrary unit). In Figure 2, a 
transmissivity in the method of the invention is shown 
by a curve ® , and a transmissivity in the prior art 
method is also shown by a curve @ for comparison. 

10 The transmissivity is measured by using a transmis- 
sion type LCD apparatus of a normally white system. 

Since the transmissivity is measured by using an 
LCD apparatus of a normally white system as descri- 
bed above, it is decreased as the level of the signal 

15 VS is increased. As seen from the curves (J) and @ 
at the point indicated by A in Figure 2, the transmis- 
sivity in the method of the invention is lower than that 
in the prior art method. 

In the case of the LCD of a normally white sys- 

20 tern, the lower transmissivity at the same level of the 
voltage applied to a column electrode means that the 
level of a voltage applied to the liquid crystal layer is 
increased. That is, the charging efficiency to the liq- 
uid crystal layer is superior. More specifically, as seen 

25 from Figure 2, the charging efficiency to the liquid 
crystal layer can be improved in the method of the in- 
vention, as compared with the prior art method. Ac- 
cordingly, it is clear by comparing the ninth waveform 
in Figure 1 with the ninth waveform in Figure 6 that 

30 insufficient charge does not occur when the invention 
is applied to an LCD apparatus in which the scanning 
is performed with a shortened gate-on period. 

In the above embodiment, the gate-on pulse has 
a pulse waveform including a concave portion in a 

35 horizontal period. Alternatively, the gate-on pulse 
may have a pulse waveform which is divided into a 
plurality of portions and includes at least one concave 
portion during a horizontal period. 

As described above, according to the driving 

40 method for an active matrix type LCD apparatus of 
the invention, the charging efficiency to a liquid crys- 
tal layer per unit time period can be improved as com- 
pared with the prior art method. Accordingly, the driv- 
ing method of the invention is suitable for an LCD ap- 

45 paratus in which the gate-on period is shortened and 
the scanning ability is attempted to be improved, be- 
cause the liquid crystal layer is always sufficiently 
charged and hence the display contrast can be im- 
proved. 

so Various other modifications will be apparent to 

and can be readily made by those skilled in the art 
without departing from the scope and spirit of this in- 
vention. Accordingly, it is not intended that the scope 
of the claims appended hereto be limited to the de- 

55 scription assetforth herein, but rather that the claims 
be broadly construed. 
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Claims 

1. A driving method for an active matrix type liquid 
crystal display apparatus having row and column 
electrodes, said driving method comprising the 5 
step of: 

applying a gate-on pulse for writing data 
for one line to said column electrodes to each of 
said row electrodes, said gate-on pulse having a 
pulse waveform which includes at least one con- 10 
cave portion during a horizontal period. 

2. A driving method for an active matrix type liquid 
crystal display apparatus having row and column 
electrodes, said driving method comprising the 15 
step of: 

applying a gate-on pulse for writing data 
for one line to said column electrodes to each of 
said row electrodes, said gate-on pulse varying 
between a first level and a second level at least 20 
two times during a horizontal period. 

3. The method according to claim 2. wherein said 
horizontal period includes three periods, a first 
period, a second period and a third period in this 25 
order, said gate-on pulse being at said first level 
during said first period, at said second level dur- 
ing said second period and at said first level dur- 
ing said third period. 

30 

4. A driving apparatus for an active matrix type liquid 
crystal display having row and column electro- 
des, said driving apparatus comprising: 

means for applying a gate-on-pulse for 
writing data for one line to said column electrodes 35 
to each of said row electrodes, said gate-on pulse 
having a pulse waveform which includes at least 
one concave portion during a horizontal period. 

5. Adriving apparatus for an active matrix type liquid 40 
crystal display having row and column electro- 
des, said driving apparatus comprising: 

means for applying a gate-on-pulse for 
writing data for one line to said column electrodes 
to each of said row electrodes, said gate-on pulse 45 
varying between a first level and a second level 
at least two times during a horizontal period. 

6. The apparatus according to claim 5, wherein said 
horizontal period includes three periods, a first so 
period, a second period and a third period in this 
order, said gate-on pulse being at said first level 
during said first period, at said second level dur- 
ing said second period and at said first level dur- 
ing said third period. 55 
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